The objectives of this study were to examine the seasonal changes in the risk of gastrointestinal (GI) illness of beachgoers in the tropics, to compare the association between GI illness and water quality using various indicator organisms, and to study other beach health hazards. A prospective cohort study during two seasonal periods (summer and autumn) was conducted in a beach surrounded by intensive residential development. Analyses demonstrated that although densities of indicators were well below water quality standards throughout the study, they were significantly higher during the autumn season. The incidence of GI illness among beachgoers was also higher during the rainy season. A higher incidence of GI illness was observed for bathers during the autumn season when compared to non-bathers, while a somewhat lower incidence was observed during the summer. This study showed that rainfall contributes to higher levels of microbial contaminants and GI risk to beachgoers. The association between GI illness and Enterococcus using culture counts showed the highest odds ratio among all indicator parameters including those using molecular methods. A much higher risk of GI illness among children under 5 years was observed among all beachgoers.
INTRODUCTION
Many of the world's coasts are becoming increasingly urban.
In Puerto Rico, the urbanization of coasts has brought with it demands for fresh water and sewage treatment, as well as damage to coastal ecosystems. As coastal communities grow, sewage can become a threat to local waterways.
Studies have shown that populations living near the coast may increase the chance of water pollution with urban, industrial wastes and sewage effluents with increased levels of pathogenic agents (Corbett et al. ; Crowther et al. ) . Also, regional domestic sewage outlets and urban runoff problems potentiate beach contamination (Turbow et al. ) . Exposure to sewage-contaminated water can cause infections and transmit diseases, particularly among children under 5 years (Creel ) .
Other factors that promote survival and dispersion of pathogens in the beach include tidal phenomena, the pres- (USEPA ). We carried out an epidemiological study to obtain more information about the possible health hazards associated with bathing in Puerto Rico's tropical marine environment and to compare different recreational water quality indicators. Accordingly, in the cohort study presented here, the incidence of gastrointestinal (GI) illness among beachgoers visiting Costa Azul beach, located in Luquillo, Puerto Rico was determined, and comparisons of illness risks were made between the exposed (bathers) and non-exposed groups (non-bathers). We also considered the difference in illness risks between bathers' age groups and between exposure seasons.
METHODS
We conducted a prospective cohort study of beachgoers during two seasonal periods (summer and autumn 2008) on Costa Azul beach, located in Luquillo, Puerto Rico.
Luquillo is a municipality located in the northeast coast of Puerto Rico, an island in the northeastern Caribbean Sea.
The study area was selected specifically because it was potentially affected by the discharge of both point and non-point sources (Figure 1 ). The Sabana River, which originates in the municipality of Luquillo, and measures approximately 12.6 km (Encyclopedia of Puerto Rico ), discharges into the north coast of Luquillo one mile east (up-stream) of the study site. This river receives the effluent of the Luquillo Wastewater Treatment Plant as well as effluent from overflow of malfunctioning septic tanks near the coast. These effluents accumulate in a small lagoon retained by a sand bank at the Sabana River mouth during low flow periods. During intense rainfall events, the discharge of this river breaks the sand barrier and carries storm water with very high levels of fecal organisms from this lagoon. The treatment plant served at the time nearly twelve thousand people (12,000), and discharged approximately one mile inland from the Sabana River mouth.
The study transect 5 at Costa Azul beach receives the direct discharge of a storm water sewer which serves an adjacent densely populated residential and tourist condominium area, and receives the overflow of some malfunctioning septic tanks, animal droppings, and lixiviates from overflowed commercial garbage dumpsters during intense storms (Figure 2 ).
The beach also receives the natural discharge of a nearby creek (Mata de Plátano), a few tens of meters east of the study area during intense storms (Figure 3 ). This creek drains a catchment area with malfunctioning septic tanks and receives bypass flows of raw wastewater from a sewage pumping station adjacent to the creek. It is estimated that the catchment area contains septic tanks that serve close to 8,000 people, since the Luquillo wastewater treatment plant serves 12,000 people and the estimated population of the municipality in 2010 was 20,068 (City Population.DE ). This number is consistent with statistics offered by the Puerto Rico Aqueduct and Sewers Authority, which estimates that 50% of Puerto Rico's population relies on septic tanks that offer poor treatment and therefore pollute ground water and surface water island wide (Díaz ) . Most of the Luquillo residences lie within the catchment area of the Mata de Plátano creek.
This pumping station has regular malfunctions and corresponding bypass flows into the creek, as documented by reports from the sewer utility to the Environmental Protection Agency (EPA) as required by law. This discharge causes accumulation of raw wastewater in the nearby creek, which acts as a pond during dry periods when retained by a coastal sand bank, probably causing the foul smell and decaying conditions observed in it. Extremely high fecal indicator counts were recorded in one sample taken of this pond during the study. This provokes sewage discharges into the sea during heavy rainfall events.
Costa Azul beach was also of particular interest since it is one of the beaches most visited by residents from different municipalities of Puerto Rico, as well as by itinerant 
Collection of water samples
Water samples were collected and analyzed on each study day. They were collected three times a day (10:00 a.m., per 100 mL of original sample.
Health assessments
Although respiratory, ear, eye, and skin rash symptoms were also evaluated, we are presenting results only for GI illness.
Data collected for respiratory, ear, eye, and skin rash symptoms are currently under analysis and will be reported in a future paper. GI illness was defined as any of the following: diarrhea (having more than three loose stools within a 24-hour period); episodes of vomiting; nausea and stomach ache symptoms; stomach ache that affected regular activity; nausea that affected regular activity; and stomach ache and fever symptoms. This definition was used to improve the sensitivity and identification of GI cases, to minimize Non-bathers were defined as those who spent the day at the beach during the survey date but did not have direct water contact (did not wade, play in the water, or swim).
Logistic regression models were constructed to describe the strength of the association between types of water exposure and the incidence of illness among bathers and non-bathers, and to evaluate the association between risk of illness and water quality (as measured by the fecal indicator organisms).
The arithmetic mean of the log-transformed (base 10)
values was utilized to summarize water quality at a given day and time. The analyses were focused primarily on the daily average of all samples. The daily average represented average water quality at the beach on a particular day.
Robust estimates of variance were used to account for the correlation of observations within households to avoid an exaggeration of the statistical precision.
The adjusted odds ratio (AOR) of GI illness and associated 95% confidence interval (CI) were calculated with logistic regression models that compared bathers and nonbathers. For models assessing the association between water quality indicators among bathers, the AOR was expressed as the increase in the odds of illness per unit of increase in the water quality measure among all participants, with the associated 95% CI.
Covariates strongly associated with illness, water quality and water contact, or those considered to be potential confounding factors were considered and evaluated in the logistic regression models. 
RESULTS
A total of 828 households were offered enrollment. Of these, 26 households refused to participate or were ineligible. A total of 1,699 individuals from 802 households agreed to participate and were enrolled in the study. Data were available for a total of 718 households (1,531 individuals) who completed the follow-up telephone interview and were eligible for analysis. Of note, the household interviewing response rate (completed/attempted) through the completion of the telephone interview was 90%.
Note that in the following tables, deviations of the total from 1,531 were due to missing responses, except for tables for incident GI illness where respondents (bathers and nonbathers) with underlying GI illness (3 days before their beach visit) were also excluded.
Water quality
The mean daily average density (CFU/100 mL) of Enterococcus by culture method was significantly higher (p ¼ Enterococcus counts (log 10 CFU/100 mL) by culture methods showed similar mean levels at shin depth (0.66) and waist depth (0.61). Collection time was not a significant factor in the variability of Enterococcus densities. Mean levels of log 10 Enterococcus CFU/100 mL were 0.57, 0.66, and 0.67 at 10:00 a.m., 12:00 p.m., and 2:00 p.m., respectively. Mean levels of fecal coliforms log 10 densities at shin depth (1.27) were also similar to waist depth densities (1.37). Collection time was not an important factor in the variability of fecal coliforms densities. Mean levels of log 10 fecal coliforms CFU/100 mL were 1.52, 1.17, and 1.18 at 10:00 a.m., 12:00 p.m., and 2:00 p.m., respectively. The average qPCR CE results for the measurements of indicator organisms are shown in Table 2 . There were no results below the LOD for Bacteroidales or for Enterococcus, and levels were generally low, indicating clean waters.
The mean of daily average qPCR CE for Bacteroidales was higher than for Enterococcus.
Densities of (log 10 ) Bacteroidales showed similar mean levels at shin depth (2.62) and waist depth (2.62). Collection time was not a significant factor in the variability of Bacteroidales qPCR CE. Mean levels of log 10 Bacteroidales qPCR CE/100 mL were 2.46, 2.47, and 2.82 at 10:00 a.m., 12:00 p.m., and 2:00 p.m., respectively. Mean levels of log 10 densities of Enterococcus qPCR CE at shin depth (1.14) were also similar to waist depth densities (1.14). Collection time was not an important factor in the variability of Enterococcus qPCR CE. Mean levels of log 10 Enterococcus qPCR CE/100 mL were 1.15, 1.12, and 1.16 at 10:00 a.m., 12:00 p.m., and 2:00 p.m., respectively.
Incidence of GI illness by beach activities and seasonal period
Overall, bathers were younger (median age ¼ 26; ±16.4) than non-bathers (median age ¼ 37; ±17.9); more likely to eat or drink beverages at the beach, and more likely to experience sand exposure (collecting shells, making sand castles, burying body in sand, getting sand into mouth, and digging in beach sand). There were more female (53%) than male beachgoers. Among non-bathers, 61% were female. Sex distribution was equal among bathers. Nonbathers were more likely to have had prior chronic GI illness (6.6%) than bathers (3.9%). Beachgoer and activity data are shown in Table 3 .
Data were collected and analyzed across seasons (summer and autumn), which are characterized by rainfall differences. The first period was from 14 June to 3 August, and the second one was from 14 September to 19 October 2008. The average 72-hour total rainfall before each survey date was 9.6 mm (0.38 inches) during the first period and 17.57 mm (0.69 inches) during the second period.
The incidence of GI illness among bathers and nonbathers is shown in Table 4 . The incidence of GI illness among beachgoers was 5.08 per 100. When beach activities were considered, the overall incidence of GI illness among those who had no direct contact with water (non-bathers) was 6.35 per 100, while the incidence of GI illness among those who had direct contact with water (bathers) was 4.56 per 100. However, when stratified by season, the percent incidence of GI illness was, during summer, bathers 3.87 and non-bathers 5.93, and during autumn (rainy season), bathers 7.60 and non-bathers 7.41. The overall incidence of GI illness during the autumn period was 7.53 per 100 compared to 4.41 per 100 during the summer period.
Adjusted odds ratios of GI illness by bathing activities and seasonal period
The AORs estimated from logistic regression models included the following covariates: (1) age; (2) sex; (3) chronic GI illness; and (4) sand exposure. The AORs for 0.47-1.63). These findings were not statistically significant.
Water quality and GI illness
Overall risks of GI illness associated with daily averages of Enterococcus and fecal coliform densities (measured by culture method) are shown in Table 6 . A log 10 increase in the daily average density of Enterococcus was associated with a 3.59 (95% CI: 0.63-20.57) increase in the odds of GI illness for bathers. The AOR observed for those having no contact with water was 2.30 (95% CI: 0.31-17.21).
No association was observed between overall daily average of fecal coliform densities (measured by culture method) and the odds of GI illness for any type of water contact.
For parameters measured by the qPCR technique, the AOR of GI illness associated with the overall daily average of Enterococcus and Bacteroidales are shown in Table 7 .
No associations were observed between overall daily average of Enterococcus and Bacteroidales CE and the odds of GI illness for bathers.
Adjusted multivariate GI illness predictive models were constructed and stratified by season using Enterococcus measured by culture as a water quality covariate. Results showed that among summer participants, a one log 10 increase 1.02-6.58). This elevated risk for women during the rainy season was found to be statistically significant (p < 0.05).
The odds among children younger than 5 years was 12.35 times higher than those aged 5-14 years during the summer (95% CI: 2.76-57.26). This difference was statistically significant (p < 0.05). During autumn, the odds among children younger than 5 years was 6.51 higher than the reference group (95% CI: 0.77-55.02). Data from these multivariate predictive models are shown in Table 8 .
DISCUSSION
In this prospective cohort study we assessed differences in the risk of GI illness between seasons, between participants with and without water contact, and as a function of fecal indicator densities. We also studied beachgoer characteristics as predictors of GI illness. Findings suggest that precipitation contributes to higher densities of Enterococcus and fecal coliforms by culture methods during the rainy season (p < 0.001) as compared to the summer season (Table 1) . Even though microbial densities were well below regulated water quality standards, a borderline significant increase in the odds of GI illness (p ¼ 0.088) was observed during the rainy season as compared to the summer season (Table 5 ). We can infer that increased rainfall runoff during the autumn is carrying a Based on daily averages of log 10 indicator parameter.
b The multivariate logistic regression model was used to adjust for age, sex, chronic GI illness, and sand exposure among all beachgoers.
c CI ¼ confidence interval. Notwithstanding the occasional loads of organisms reaching our study beach, the lack of a statistically significant difference in GI illness risk between bathers and nonbathers in this study is probably due to overall clean water conditions observed during the study. As observed in Table 1 Although not statistically significant, a somewhat elevated overall risk of GI illness in non-bathers compared to bathers was found in this study. However, when we stratified the data among seasons, an expected pattern was observed of a slightly elevated GI illness risk among bathers during the rainy season. This is the season in which water quality is worse due to rainfall runoff. On the other hand, during the summer non-bathers showed a higher incidence of GI illness than bathers. This occurred under very clean water conditions and during the absence of extreme storm flow events.
A higher incidence of GI illness in bathers has been demonstrated in most published studies (Wade et al. , ) . This is probably due to the fact that most other studies found higher levels of microbial contaminants in water than our study. Also, the variability observed across beaches in other studies could indicate that the risks may be sitespecific. Risks may depend on differences in the populations such as susceptibility to the etiologic agents, cultural differences and uses of recreational waters and beach areas.
Under the clean water conditions of this study, especially during the summer, pathways of exposure to pathogens of fecal origin other than head immersion in the water may gain relevance.
We theorize that on Costa Azul beach, microbial con- Bacteria harbored in the sand may persist longer than in the water because they can adhere to sand particles.
Beach sand may also act as a physical barrier protecting pathogens from solar and UV radiation that has been shown to influence cell inactivation (Noble et al. ) .
Beach sand contact has been associated with GI illness in prospective cohort studies (Bonilla et al. ; Heany et al. ) . The study in South Florida (Bonilla et al. ) found indicator densities in dry sand 100 times that of adjacent recreational water, under conditions similar to the tropical Costa Azul beach during the summer. This could explain why clean water conditions can be found in Costa
Azul beach waters during the summer when few rainfall events occur, while the sand could be harboring and allowing the reproduction of bacteria of fecal origin.
It was beyond the scope of this study to sample beach sand. However, our findings suggest that beach sand may play a role in supporting a higher density of fecal organisms than water, which can increase the risk of marine waterrelated illnesses. The extent of beachgoers' exposure to sand with higher densities of fecal indicator bacteria than water at Costa Azul beach during the summer should be explored. This is especially important for children under 5
years, who showed a much higher risk of GI illness than other age groups during the summer.
The association between Enterococcus densities in water (measured by culture methods) and GI illness showed the highest odds ratio (OR) among water quality indicator parameters. This association was not statistically significant when the multivariate model was constructed.
The lack of a consistent association between enterococci densities in water and bather health has been observed in previous studies of subtropical marine beaches impacted by non-point sources (Fleisher et al. ; Abdelzaher et al.
).
Fecal coliform densities were not associated with GI illness in this study. It has been demonstrated that these microbes do not survive long in sea water, and that their presence in marine waters is considered an indicator of recent fecal contamination. Fecal coliforms as a group have been determined to be a poor indicator of the risk of digestive system illness (USEPA ).
In this study, CE densities of Enterococcus and Bacteroidales using the qPCR method were low, and no association was found between GI illness and these indicators. QPCR parameters showed low densities in water throughout the study and less seasonal variability than culture parameters. 
General limitations
This study used a prospective cohort design which has been used by numerous others to evaluate the risks associated Also, actions should be taken by the Puerto Rico EQB to advice potential beachgoers of increased risks of bathing during the rainy season. These advisories should make specific reference to the much higher risk faced by small children exposed to beach water after recent rainfall events.
